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Description

BACKGROUND

[0001] Geo-location techniques can be used to identify
the location of various objects. Some such geo-location
techniques can be used to locate radio frequency (RF)
emitters. Indeed many RF emitters include characteris-
tics that are conducive to locating the emitters, and often
are specifically implemented to allow for geo-location of
the RF emitters. For example, many emitters, such as
RADAR emitters, transmit pulsed signals with high signal
to noise ratios. These signals are readily detectable by
RF sensor nodes because they are not obfuscated by
noise. Additionally, the abrupt changes resulting from the
pulsed nature of the signals are readily detectable by
sensor nodes. Pulse descriptor words (PDWs) can be
passed between distributed platforms which each have
a unique vantage point to ascertain where the pulses
originated using e.g., time difference of arrival (TDOA),
frequency difference of arrival (FDOA), angle of arrival
(AoA), or hybrid techniques.
[0002] However, other types of signals, i.e., non-
pulsed signals with low signal to noise ratios, may not be
able to easily use these techniques for geo-location. In
particular, consider low probability of detection (LPD) sig-
nals. These signals are substantially continuous and not
pulsed, and thus have no sudden event to distinguish
them. Further, these signals are often intentionally mod-
ified so as to ensure that their power remains below the
noise floor. This helps to obfuscate the signals further to
prevent, or at least minimize, their detection. Modifying
the signals to cause them to remain below the noise floor
is often performed by applying Direct Sequence Spread
Spectrum (DSSS). Thus, geolocating these signals using
traditional techniques is not possible.
[0003] While geolocating LPD emitters can be accom-
plished using other techniques, these techniques often
require large amounts of data to be transmitted between
sensor nodes and/or a processor node for processing
the data.
US 8 570 150 B1 discloses a sensing system that in-
cludes integrated sensor locating capability. Sensors can
transmit spread spectrum encoded data pulses which
are received at mobile nodes. Based on time of arrival
information and known locations of the mobile nodes,
locations of the sensors can be determined.
US 5 381 150 A discloses an apparatus and method for
separately tracking, identifying and providing direction
finding, DF, on low power intercept radio frequency, LPI
RF, transmitters. A spectrum analyzer generates power
spectrums utilizing the digital data and passes the power
spectrums to a signal detector. The signal detector de-
tects signal clusters in the power spectrums and associ-
ates the signal clusters from the same LPI RF signals to
create pulse descriptor words for the LPI RF signals.
Tracker/database circuitry tracks and identifies the LPI
RF transmitters by utilizing the pulse duration, pulse fre-

quency and pulse phase of the pulse descriptor words
and a DF system provides DF information on the LPI RF
transmitters by performing multiple frequency AOA cal-
culations.
[0004] The subject matter claimed herein is not limited
to embodiments that solve any disadvantages or that op-
erate only in environments such as those described
above. Rather, this background is only provided to illus-
trate one exemplary technology area where some em-
bodiments described herein may be practiced.

BRIEF SUMMARY

[0005] One embodiment illustrated herein includes a
method of geolocating an emitter of a low probability of
detection (LPD) signal being transmitted from the emitter
in an environment with a noise floor, where the LPD signal
is below the noise floor. The method includes, at a proc-
essor, receiving a plurality of low probability of detection
descriptor words, where the low probability of detection
descriptor words in include at least one of a frequency
feature of a version of the LPD signal, each of the low
probability of detection descriptor words having been cre-
ated by performing cyclostationary feature detection or
energy detection of respective versions of the LPD signal.
The method further includes, at the processor, using the
plurality of low probability of detection descriptor words
from different sensor nodes for different versions of the
LPD signal to geolocate the emitter. The receiving and
using are performed as a result of determining that there
is insufficient bandwidth to geolocate the emitter using a
cross-correlation of versions of the signal from detectors.
[0006] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
[0007] Additional features and advantages will be set
forth in the description which follows, and in part will be
obvious from the description, or may be learned by the
practice of the teachings herein. Features and advantag-
es of the invention may be realized and obtained by
means of the instruments and combinations particularly
pointed out in the appended claims. Features of the
present invention will become more fully apparent from
the following description and appended claims, or may
be learned by the practice of the invention as set forth
hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In order to describe the manner in which the
above-recited and other advantages and features can be
obtained, a more particular description of the subject mat-
ter briefly described above will be rendered by reference
to specific embodiments which are illustrated in the ap-

1 2 



EP 3 705 903 B1

3

5

10

15

20

25

30

35

40

45

50

55

pended drawings. Understanding that these drawings
depict only typical embodiments and are not therefore to
be considered to be limiting in scope, embodiments will
be described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:

Figure 1 illustrates an emitter emitting an LPD signal
in a noisy environment;
Figure 2 illustrates an emitter, a set of sensor nodes,
and a processor for geo-locating the emitter;
Figure 3 illustrates another example of an emitter, a
set of sensor nodes, and a processor for geo-locating
the emitter;
Figure 4 illustrates a sensor node for creating LDWs
for transmitting to processors;
Figure 5 illustrates a method of geo-locating an LPD
signal emitter; and
Figure 6 illustrates another method of geo-locating
an LPD signal emitter.

DETAILED DESCRIPTION

[0009] Embodiments illustrated herein are directed to
geo-locating LPD emitters. Embodiments may imple-
ment a tiered approach for geo-locating. This tiered ap-
proach may use techniques that use low bandwidth be-
tween nodes when possible, while using techniques re-
quiring higher bandwidths when necessary. Thus em-
bodiments use cyclostationary feature detection, or en-
ergy detection at sensor nodes to identify features of LPD
signals, or angles of arrival of signals. Using this infor-
mation, LPD descriptor words (LDWs) are generated at
the sensor nodes. The LDWs are small data structures
describing at least one frequency feature of the LPD sig-
nal and/or at least one angle of arrival of the signal. These
LDWs are passed between nodes, to be used by a proc-
essor node to determine the location of the emitter of the
LPD signal. If acceptable results cannot be obtained us-
ing this technique, embodiments perform cross-correla-
tion of samples of the LPD signals from different sensor
nodes using complex ambiguity functions. These tech-
niques require much higher bandwidth between nodes
than sending LDWs. However, some embodiments start
by attempting cross-correlation using samples having at
least one of limited frequency spectrum, limited time, or
limited quantization resolution. If cross-correlation, and
geo-location, cannot be accomplished using these limit-
ed samples, one or more of frequency spectrum, time,
or sample rate can be increased to achieve desired re-
sults.
[0010] In embodiments, systems attempt to use geolo-
cation techniques that require high-bandwidth but pro-
duce extremely accurate geolocation, such as cross-cor-
relation using complex ambiguity functions. If it is deter-
mined that available bandwidth between nodes is low
(such as when there are large amounts of noise in an
environment), then embodiments ratchet down the ge-

olocation bandwidth requirements by using samples hav-
ing at least one of limited frequency spectrum, limited
time, or limited quantization resolution. That is, at least
frequency spectrum, time, or sample rate will be reduced
as compared to a first cross-correlation attempt. If it is
determined that bandwidth between nodes is too low for
even these types of techniques to be used for geoloca-
tion, then embodiments can ratchet down bandwidth re-
quirements further by causing nodes to use cyclostation-
ary feature detection (i.e., statistical analysis of cyclical
features of a signal) to collect information to produce
LDW’s which can be passed between the various nodes.
This allows geolocation to be performed in environments
where there is limited bandwidth between nodes.
[0011] Figure 1 illustrates an emitter 102. The emitter
is configured to generate and transmit LPD signals. The
emitter 102 may be configured to use a communication
signal to modulate a pseudo-noise signal to create a di-
rect sequence spread spectrum signal. The pseudo-
noise comprises a continuous sequence of pulses, where
each pulse is referred to as a chip, and where the chip
rate is the frequency of pulses. The chip rate is typically
significantly higher than the carrier frequency of the com-
munication signal. This results in a signal 104 that exists
beneath the noise floor 106. In particular, the signal 104
is an LPD signal that is not readily detectable without
specialized detection circuitry and techniques.
[0012] Referring now to Figure 2, additional details are
illustrated. Figure 2 illustrates the emitter 102. Figure 2
further illustrates a number of sensor nodes. In particular,
Figure 2 illustrates four sensor nodes 108-1, 108-2,
108-3, and 108-4. Depending on what signal character-
istics the sensor nodes are able to detect with respect to
the signal 104, different numbers of sensor nodes may
be able to provide different types of information. For ex-
ample, if the sensor nodes are able to identify an angle
of arrival for a signal, then it is possible for two sensor
nodes to be used to identify, within some margin of error,
the two-dimensional location of the emitter 102. If the
sensor nodes are able to identify angle of arrival, and
three sensor nodes are available, then embodiments can
determine an approximate three-dimensional location of
the emitter 102. Using angles of arrival over time, em-
bodiments can also detect motion of the emitter 102 with
respect to one or more of the sensor nodes, and vice-
versa.
[0013] If the sensor nodes are able to perform cyclosta-
tionary feature detection, such as by using statistical
analysis to identify some frequency characteristic of sig-
nals received from the emitter 102, then two sensor
nodes can be used to identify a direction of the emitter
102, three sensor nodes can be used to identify an ap-
proximate two-dimensional location of the emitter 102,
and four sensor nodes can be used to identify an approx-
imate three dimensional location of the emitter 102. A
cyclostationary signal is one having statistical properties
that vary cyclically with time. Details of this functionality
will be illustrated in more detail below.
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[0014] Figure 2 is used to illustrate using frequency
features of received LPD signals to geolocate the emitter
102. Each of the sensor nodes 108-1, 108-2, 108-3, and
108-4 receive altered versions of the signal 104. In par-
ticular, Figure 2 illustrates that sensor nodes 108-1,
108-2, 108-3, and 108-4 receive versions 104-1’, 104-2’,
104-3’, and 104-4’ respectively. Each of the versions are
altered due to a motion relationship between each of the
sensor nodes and the emitter 102. In particular, the ex-
ample in Figure 2 assumes that each of the sensor nodes
has some type of motion with respect to the emitter 102.
This could be based on the sensor node moving, or the
emitter 102 moving. Additionally, the motion between
each sensor node and the emitter 102 is different be-
tween the different sensor nodes. Thus, sensor node
108-1 and the emitter 102 have different motion between
them than: the sensor node 108-2 and the emitter 102,
the sensor node 108-3 and the emitter 102, and the sen-
sor node 108-4 and the emitter 102. Similarly, the sensor
node 108-2 and the emitter 102 have different motion
between them than the emitter 102 and the other sensor
nodes illustrated in Figure 2. Similarly, the sensor node
108-3 and the emitter 102 have different motion between
them than the emitter 102 and the other sensor nodes
illustrated in Figure 2. Similarly, the sensor node 108-4
and the emitter 102 have different motion between them
than the emitter 102 and the other sensor nodes illustrat-
ed in Figure 2. In particular, this different motion between
the emitter 102 and the various sensor nodes causes
different frequency shifts to create the various different
versions of the signal 104.
[0015] The motion between the emitter 102 and the
various sensor nodes can be accomplished in a number
of different ways. For example, if each of the sensor
nodes 108-1 through 108-4 are statically located in dif-
ferent locations, and the emitter 102 is dynamically mov-
ing, then the motion between the emitter 102 and each
of the different sensor nodes will be different. If each of
the sensor nodes 108-1 through 108-4 are moving dif-
ferently with respect to each other, then the motion be-
tween the sensor nodes and the emitter 102 will be dif-
ferent for each of the sensor nodes.
[0016] Various different frequencies can be consid-
ered. For example, some embodiments may use bit rate
frequency from the versions 104-1’, 104-2’, 104-3’, and
104-4’. In particular, the bit rate of a communication signal
portion of the signal 104 will have a certain ’frequency’,
i.e., the bitrate. Motion between the emitter 102 and a
given sensor node will cause a Doppler shift which affects
the bitrate. As will be illustrated in more detail below, the
differences in bit rate from the different versions of the
signal 104 can be used to geolocate the emitter 102.
[0017] In additional embodiments, embodiments may
use chip rate frequencies from the versions 104-1’,
104-2’, 104-3’, and 104-4’. As discussed previously, the
chip rate is the rate of pulses in pseudorandom noise
used in creating a DSSS signal. Similar to bit rate, motion
between the emitter 102 and a given sensor node will

cause a Doppler shift which affects the chip rate. Using
the Doppler shift from a plurality of different versions of
the signal 104, geolocation of the emitter 102 can be
performed.
[0018] Additionally, embodiments may use carrier fre-
quencies from the versions 104-1’, 104-2’, 104-3’, and
104-4’. In particular, the communication signal portion of
the signal 104 is modulated using a carrier signal having
a particular carrier frequency. Motion between the emitter
102 and a given sensor node will cause a Doppler shift
in this carrier frequency. The Doppler shift of the carrier
frequency identified in a plurality of different versions of
the signal 104 can be used for geolocation purposes to
geolocate the emitter 102.
[0019] Additionally, embodiments may use hop rate
frequencies from the versions 104-1’, 104-2’, 104-3’, and
104-4’. In particular, some embodiments may be imple-
mented using frequency hopping spread spectrum
(FHSS). FHSS is a communication method where radio
signals are transmitted using a carrier signal that switch-
es among a plurality of different frequencies. The switch-
ing pattern is known by both the transmitter and receiver
allowing the communication signal to be recovered. The
hop rate is the rate at which the carrier frequency is
changed. Motion between the emitter 102 and a given
sensor node will cause a Doppler shift in the hop rate
detected at the given sensor node in the version of the
signal 104 received at the sensor node. Using a plurality
of different Doppler shifts from a plurality of different ver-
sions of the signal 104, geolocation can be performed to
geolocate the emitter 102.
[0020] In particular, each of the different sensor nodes
108-1 through 108-4 will receive a version of the signal
104 that differs in one or more signal frequencies due to
Doppler shifts caused by the motion between the sensor
nodes and the emitter 102. The different frequencies can
be different frequencies for one or more of the types of
signals described above including bit rate frequency, chip
rate frequency, carrier signal frequency, or hop rate fre-
quency.
[0021] The different detected frequencies are added
to LDW’s 110-1, 110-2, 110-3, and 110-4 corresponding
to the sensor nodes 108-1, 108-2, 108-3, 108-4. These
LDW’s are then be provided to a processor 112. The
processor 112 is able to use the frequencies in the LDW’s
110-1 through 110-4 (or whatever subset of the LDW’s
obtained by the processor 112) to attempt to geolocate
the emitter 102. In particular, various known frequency
difference of arrival operations can be used to geolocate
the emitter 102.
[0022] Note that the LDW’s include information about
the location of sensor nodes and/or information about
movement of sensor nodes. For example, the LDW 110-1
may include information identifying the location of the
sensor node 108-1. Alternatively or additionally, the LDW
110-1 may be populated with information from the sensor
node 108-1 identifying movement characteristics of the
sensor node 108-1. The LDW 110-2 may include infor-
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mation identifying the location of the sensor node 108-2.
Alternatively or additionally, the LDW 110-2 may be pop-
ulated with information from the sensor node 108-2 iden-
tifying movement characteristics of the sensor node
108-2. The LDW 110-3 may include information identify-
ing the location of the sensor node 108-3. Alternatively
or additionally, the LDW 110-3 may be populated with
information from the sensor node 108-3 identifying move-
ment characteristics of the sensor node 108-3. The LDW
110-4 may include information identifying the location of
the sensor node 108-4. Alternatively or additionally, the
LDW 110-4 may be populated with information from the
sensor node 108-4 identifying movement characteristics
of the sensor node 108-4. This location and motion in-
formation can be used in the computations used to ge-
olocate the emitter 102.
[0023] Note that while the processor 112 is illustrated
as an entity separate from the sensor nodes 108-1
through 108-4, it should be appreciated that the proces-
sor 112 may have its functionality implemented by one
of the sensor nodes 108-1 through 108-4. Thus, it is not
necessary that the processor 112 be included as a sep-
arate entity from the sensor nodes 108-1 through 108-4.
The processor 112 may be implemented as a distributed
system across multiple different systems. Indeed, the
processor 112 may be implemented in a distributed fash-
ion across the various sensor nodes 108-1 through
108-4. Each of the various sensor nodes 108-1 through
108-4 may include processors and other computational
hardware configured to perform all or a portion of the
frequency difference of arrival computations necessary
to geolocate the emitter 102 using cyclostationary feature
detection.
[0024] Referring now to Figure 3, an alternative em-
bodiment is illustrated that does not form part of this in-
vention. Figure 3 illustrates an example where energy
detection of an LPD signal can be used for geolocation
of the emitter 102. Figure 3 illustrates an emitter 302
which transmits the signal 104 to a number of different
sensor nodes including sensor node 308-1, 308-2, and
308-3. In this example, each of the sensor nodes includes
two antennas which allow the sensor nodes to determine
an angle of arrival of the signal 104. Each of the sensor
nodes is in a different location, and thus each will have
a different angle of arrival that is detected for the signal
104 from the emitter 302. These different angles of arrival
can be added to corresponding LDW’s. For example, the
sensor node 308-1 will detect the angle of the signal 104
arriving from the emitter 302. This detected angle of ar-
rival will be placed in the LDW 310-1 and sent to the
processor 312. The angle of arrival of the signal 104 from
the emitter 302 at the sensor node 308-2 will be meas-
ured. This angle of arrival will be added to the LDW 310-2
and sent to the processor 312. Similarly, the angle of
arrival of the signal 104 from the emitter 302 will be de-
tected at the sensor node 308-3. The angle of arrival
detected will be added to the LDW 310-3 and sent to the
processor 312.

[0025] At the processor 312, various computations can
be performed to geolocate the emitter 302. In particular,
if a single angle of arrival is received from one of the
sensor nodes, then a line can be identified, from the lo-
cation of the sensor node at the identified angle, along
which the emitter 302 is likely to exist. If angles of arrival
are received from two different sensor nodes, then two
lines can be identified, from the location of the two differ-
ent sensor nodes at the corresponding angles, and where
those lines intersect is the probable two-dimensional lo-
cation of the emitter 302. If angles of arrival are received
from 3 different sensor nodes, then 3 lines can be iden-
tified, from the location of the three different sensor nodes
at the corresponding angles, and where those 3 lines
intersect is the probable three-dimensional location of
the emitter 302.
[0026] Note that in some embodiments, the LDW may
further include information identifying the location of a
given sensor node. For example, the LDW 310-1 may
include information identifying the location of the sensor
node 308-1. Similarly, the LDW 310-2 may include infor-
mation identifying the location of the sensor node 308-2.
Similarly, the LDW 310-3 may include information iden-
tifying the location of the sensor node 308-3. Thus, in this
example, the locations of the various sensor nodes are
sent to the processor 312 in the LDW’s. Alternatively or
additionally, the processor 312 may maintain information
about the locations of the various sensor nodes.
[0027] Referring now to Figure 4, a system for geolo-
cating an emitter of a low probability of detection (LPD)
signal being transmitted from the emitter in an environ-
ment with a noise floor, where the LPD signal is below
the noise floor is illustrated. The system includes a sensor
node 408.
[0028] The sensor node 408 includes a receiver 414
for receiving a version of the LPD signal from the emitter.
For example, the receiver 414 may include one or more
antennas. If two or more antennas are included, then the
sensor node 408 may be configured to determine angle
of arrival of signals from an emitter. The receiver may
additionally or alternatively include radio frequency re-
ceiver circuitry configured to detect signals of certain
types and or bandwidths.
[0029] The sensor node 408 may further include an
amplifier 416. The amplifier 416 is configured to amplify
versions of the LPD signal received from the emitter.
[0030] The sensor node 408 may further include a filter
418. The filter 418 may be configured to filter out certain
bandwidths from the version of the received signal re-
ceived from the emitter.
[0031] The sensor node 408 may further include a clas-
sifier 420. The classifier 420 is configured to perform at
least one of cyclostationary feature detection or energy
detection of the version of the LPD signal.
[0032] The sensor node 408 may further include a data
processor 422. The data processor 422 is configured to
create a low probability of detection descriptor word 410.
The low probability of detection descriptor word 410 in-
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cludes at least one of a frequency feature of the version
of the LPD signal or an energy feature of the version of
the LPD signal.
[0033] The sensor node 408 further includes a trans-
mitter 426 configured to provide the low probability of
detection descriptor word 410 to a data processor, where
the data processor is configured to use a plurality of low
probability of detection descriptor words from different
sensor nodes for different versions of the LPD signal to
geolocate the emitter.
[0034] The classifier 420 can be configured to perform
cyclostationary feature detection to detect a bit rate of
the version of the LPD signal, but that does not form part
of the invention.
[0035] The classifier 420 can be configured to perform
cyclostationary feature detection to detect a chip rate of
the version of the LPD signal, but that does not form part
of the invention.
[0036] The classifier 420 can be configured to perform
cyclostationary feature detection to detect the hop rate
of the version of the LPD signal, but that does not form
part of the invention.
[0037] The classifier 420 can be configured to perform
cyclostationary feature detection to detect a carrier fre-
quency of the version of the LPD signal, but that does
not form part of the invention.
[0038] The classifier 420 can be configured to detect
an angle of arrival of the version of the LPD signal, but
that does not form part of the invention.
[0039] The system may further include the processor.
Indeed, in some embodiments the processor is included
in one of the sensor nodes, but that does not form part
of the invention.
[0040] The following discussion now refers to a number
of methods and method acts that may be performed. Al-
though the method acts may be discussed in a certain
order or illustrated in a flow chart as occurring in a par-
ticular order, no particular ordering is required unless
specifically stated, or required because an act is depend-
ent on another act being completed prior to the act being
performed.
[0041] Referring now to Figure 5, a method 500 is il-
lustrated that does not form part of the claimed invention.
A method of geolocating an emitter of a low probability
of detection (LPD) signal being transmitted from the emit-
ter in an environment with a noise floor, where the LPD
signal is below the noise floor. The method 500 includes
at a sensor node, receiving a version of the LPD signal
from the emitter (act 502).
[0042] The method 500 further includes, for the version
of the LPD signal, performing at least one of cyclosta-
tionary feature detection or energy detection of the ver-
sion of the LPD signal (act 504).
[0043] The method 500 further includes, creating an
LDW, wherein the LDW includes at least one of a fre-
quency feature of the version of the LPD signal or an
energy feature of the version of the LPD signal (act 506).
[0044] The method 500 further includes, providing the

LDW to a data processor, where the data processor is
configured to use a plurality of LDW’s from different sen-
sor nodes for different versions of the LPD signal to ge-
olocate the emitter (act 508).
[0045] The method 500 may be practiced where the
cyclostationary feature detection comprises detecting a
bit rate of the version of the LPD signal.
[0046] The method 500 may be practiced where the
cyclostationary feature detection comprises detecting a
chip rate of the version of the LPD signal.
[0047] The method 500 may be practiced where the
cyclostationary feature detection comprises detecting a
hop rate of the version of the LPD signal.
[0048] The method 500 may be practiced where the
cyclostationary feature detection comprises detecting a
carrier frequency of the version of the LPD signal.
[0049] The method 500 may be practiced where the
energy detection comprises detecting an angle of arrival
of the version of the LPD signal.
[0050] Referring now to Figure 6, a method of geolo-
cating an emitter of a low probability of detection (LPD)
signal being transmitted from the emitter in an environ-
ment with a noise floor, where the LPD signal is below
the noise floor as illustrated. The method includes at a
processor, receiving a plurality of low probability of de-
tection descriptor words, wherein the low probability of
detection descriptor words each include at least one of
a frequency feature of a version of the LPD signal or an
energy feature of a version of the LPD signal, each of
the low probability of detection descriptor words having
been created by performing cyclostationary feature de-
tection or energy detection of respective versions of the
LPD signal (act 602).
[0051] The method 600 further includes, at the proc-
essor, using the plurality of low probability of detection
descriptor words from different sensor nodes for different
versions of the LPD signal to geolocate the emitter (604).
[0052] The method 600 is practiced where the method
acts are performed as a result of determining that there
is insufficient bandwidth to geolocate the emitter using a
cross-correlation of versions of the signal from detectors.
[0053] The method 600 is practiced where the acts are
performed as a result of the following acts being per-
formed prior to performing the recited acts: performing a
first attempt to geolocate the emitter using a cross-cor-
relation of versions of the signal from detectors; deter-
mining that the emitter is not able to be detected or de-
tected at a predetermined threshold accuracy using the
cross-correlation of versions of the signal from detectors
in the first attempt; as a result, performing a second at-
tempt to geolocate the emitter using samples of the ver-
sions of the signal having at least one of limited frequency
spectrum, limited time, or limited quantization resolution
as compared to the first attempt; and determining that
the emitter is not able to be detected or detected at a
predetermined threshold accuracy in the second attempt.
[0054] The method 600 is practiced where at least one
of the low probability of detection descriptor words com-
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prises a bit rate of a version of the LPD signal.
[0055] The method 600 is practiced where at least one
of the low probability of detection descriptor words com-
prises a chip rate of a version of the LPD signal.
[0056] The method 600 is practiced where at least one
of the low probability of detection descriptor words com-
prises a hop rate of a version of the LPD signal.
[0057] The method 600 may be practiced where at
least one of the low probability of detection descriptor
words comprises a carrier frequency of a version of an
LPD signal.
[0058] The method 600 may be practiced where at
least one of the low probability of detection descriptor
words comprises an angle of arrival of a version of an
LPD signal.
[0059] Further, the methods may be practiced by a
computer system including one or more processors and
computer-readable media such as computer memory. In
particular, the computer memory may store computer-
executable instructions that when executed by one or
more processors cause various functions to be per-
formed, such as the acts recited in the embodiments.
[0060] Embodiments of the present invention may
comprise or utilize a special purpose or general-purpose
computer including computer hardware, as discussed in
greater detail below. Embodiments within the scope of
the present invention also include physical and other
computer-readable media for carrying or storing compu-
ter-executable instructions and/or data structures. Such
computer-readable media can be any available media
that can be accessed by a general purpose or special
purpose computer system. Computer-readable media
that store computer-executable instructions are physical
storage media. Computer-readable media that carry
computer-executable instructions are transmission me-
dia. Thus, by way of example, and not limitation, embod-
iments of the invention can comprise at least two distinctly
different kinds of computer-readable media: physical
computer-readable storage media and transmission
computer-readable media.
[0061] Physical computer-readable storage media in-
cludes RAM, ROM, EEPROM, CD-ROM or other optical
disk storage (such as CDs, DVDs, etc.), magnetic disk
storage or other magnetic storage devices, or any other
medium which can be used to store desired program
code means in the form of computer-executable instruc-
tions or data structures and which can be accessed by
a general purpose or special purpose computer.
[0062] A "network" is defined as one or more data links
that enable the transport of electronic data between com-
puter systems and/or modules and/or other electronic
devices. When information is transferred or provided over
a network or another communications connection (either
hardwired, wireless, or a combination of hardwired or
wireless) to a computer, the computer properly views the
connection as a transmission medium. Transmissions
media can include a network and/or data links which can
be used to carry desired program code means in the form

of computer-executable instructions or data structures
and which can be accessed by a general purpose or spe-
cial purpose computer. Combinations of the above are
also included within the scope of computer-readable me-
dia.
[0063] Further, upon reaching various computer sys-
tem components, program code means in the form of
computer-executable instructions or data structures can
be transferred automatically from transmission compu-
ter-readable media to physical computer-readable stor-
age media (or vice versa). For example, computer-exe-
cutable instructions or data structures received over a
network or data link can be buffered in RAM within a
network interface module (e.g., a "NIC"), and then even-
tually transferred to computer system RAM and/or to less
volatile computer-readable physical storage media at a
computer system. Thus, computer-readable physical
storage media can be included in computer system com-
ponents that also (or even primarily) utilize transmission
media.
[0064] Computer-executable instructions comprise,
for example, instructions and data which cause a general
purpose computer, special purpose computer, or special
purpose processing device to perform a certain function
or group of functions. The computer-executable instruc-
tions may be, for example, binaries, intermediate format
instructions such as assembly language, or even source
code. Although the subject matter has been described in
language specific to structural features and/or method-
ological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited
to the described features or acts described above. Rath-
er, the described features and acts are disclosed as ex-
ample forms of implementing the claims.
[0065] Those skilled in the art will appreciate that the
invention may be practiced in network computing envi-
ronments with many types of computer system configu-
rations, including, personal computers, desktop comput-
ers, laptop computers, message processors, hand-held
devices, multi-processor systems, microprocessor-
based or programmable consumer electronics, network
PCs, minicomputers, mainframe computers, mobile tel-
ephones, PDAs, pagers, routers, switches, and the like.
The invention may also be practiced in distributed system
environments where local and remote computer sys-
tems, which are linked (either by hardwired data links,
wireless data links, or by a combination of hardwired and
wireless data links) through a network, both perform
tasks. In a distributed system environment, program
modules may be located in both local and remote memory
storage devices.
[0066] Alternatively, or in addition, the functionality de-
scribed herein can be performed, at least in part, by one
or more hardware logic components. For example, and
without limitation, illustrative types of hardware logic
components that can be used include Field-programma-
ble Gate Arrays (FPGAs), Program-specific Integrated
Circuits (ASICs), Program-specific Standard Products
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(ASSPs), System-on-a-chip systems (SOCs), Complex
Programmable Logic Devices (CPLDs), etc.

Claims

1. A method of geolocating an emitter (102) (302) of a
low probability of detection, LPD, signal (104) being
transmitted from the emitter (102) (302) in an envi-
ronment with a noise floor (106), where the LPD sig-
nal (104) is below the noise floor (106), the method
comprising:

at a processor (112) (312), receiving a plurality
of low probability of detection descriptor words
(110-1, 110-2, 110-3, 110-4) (310-1, 310-2,
310-3), wherein the low probability of detection
descriptor words (110-1, 110-2, 110-3, 110-4)
(310-1, 310-2, 310-3) (410) each include at least
one of a frequency feature of a version (104-1’,
104-2’, 104-3’, 104-4’) of the LPD signal (104)
or an energy feature of a version of the LPD
signal (104), each of the low probability of de-
tection descriptor words (110-1, 110-2, 110-3,
110-4) (310-1, 310-2, 310-3) having been cre-
ated by performing cyclostationary feature de-
tection or energy detection of respective ver-
sions of the LPD signal (104);
at the processor (112) (312), using the plurality
of low probability of detection descriptor words
(110-1, 110-2, 110-3, 110-4) (310-1, 310-2,
310-3) from different sensor nodes (108-1,
108-2, 108-3, 108-4) (308-1, 308-2, 308-3) (408)
for different versions (104-1’, 104-2’, 104-3’,
104-4’) of the LPD signal (104) to geolocate the
emitter (102) (302); and
wherein said receiving and using are performed
as a result of determining that there is insufficient
bandwidth to geolocate the emitter (102) (302)
using a cross-correlation of versions (104-1’,
104-2’, 104-3’, 104-4’) of the signal (104) from
detectors.

2. The method of claim 1, wherein said receiving and
using are performed as a result of the following acts
being performed prior to performing the recited acts:

performing a first attempt to geolocate the emit-
ter (102) (302) using a cross-correlation of ver-
sions of the signal from detectors;
determining that the emitter (102) (302) is not
able to be detected or detected at a predeter-
mined threshold accuracy using the cross-cor-
relation of versions of the signal from detectors
in the first attempt due to insufficient bandwidth
between the processor (112, 312) and one or
more of the sensor nodes (108-1, 108-2, 108-3,
108-4) (308-1, 308-2, 308-3) (408);

as a result, performing a second attempt to ge-
olocate the emitter (102) (302) using samples
of the versions of the signal (104-1’, 104-2’,
104-3’, 104-4’) having at least one of limited fre-
quency spectrum, limited time, or limited quan-
tization resolution as compared to the first at-
tempt; and
determining that the emitter (102) (302) is not
able to be detected or detected at a predeter-
mined threshold accuracy in the second at-
tempt.

3. The method of claim 1, wherein at least one of the
low probability of detection descriptor words com-
prises a bit rate of a version of the LPD signal.

4. The method of claim 1, wherein at least one of the
low probability of detection descriptor words com-
prises a chip rate of a version of the LPD signal.

5. The method of claim 1, wherein at least one of the
low probability of detection descriptor words com-
prises a hop rate of a version of the LPD signal.

6. A processor (112) (312) for geolocating an emitter
(102) (302) of a low probability of detection, LPD,
signal (104) being transmitted from the emitter (102)
(302) in an environment with a noise floor (106),
where the LPD signal (104) is below the noise floor
(106), wherein the processor (112) (312) is config-
ured to perform the following:

receiving a plurality of low probability of detec-
tion descriptor words (110-1, 110-2, 110-3,
110-4) (310-1, 310-2, 310-3), wherein the low
probability of detection descriptor words (110-1,
110-2, 110-3, 110-4) (310-1, 310-2, 310-3) each
include at least one of a frequency feature of a
version (104-1’, 104-2’, 104-3’, 104-4’) of the
LPD signal (104) or an energy feature of a ver-
sion of the LPD signal (104), each of the low
probability of detection descriptor words (110-1,
110-2, 110-3, 110-4) (310-1, 310-2, 310-3) hav-
ing been created by performing cyclostationary
feature detection or energy detection of respec-
tive versions of the LPD signal (104);
using the plurality of low probability of detection
descriptor words (110-1, 110-2, 110-3, 110-4)
(310-1, 310-2, 310-3) from different sensor
nodes (108-1, 108-2, 108-3, 108-4) (308-1,
308-2, 308-3) (408) for different versions
(104-1’, 104-2’, 104-3’, 104-4’) of the LPD signal
(104) to geolocate the emitter (102) (302); and
wherein the processor is configured to perform
the receiving and using as a result of determin-
ing that there is insufficient bandwidth to geolo-
cate the emitter (102) (302) using a cross-cor-
relation of versions of the signal (104) from de-
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tectors.

7. The processor of claim 6, wherein the processor is
configured to perform the receiving and using as a
result of the following acts being performed prior to
performing the recited acts:

performing a first attempt to geolocate the emit-
ter (102) (302) using a cross-correlation of ver-
sions of the signal from detectors;
determining that the emitter (102) (302) is not
able to be detected or detected at a predeter-
mined threshold accuracy using the cross-cor-
relation of versions of the signal from detectors
in the first attempt due to insufficient bandwidth
between the processor (112, 312) and one or
more of the sensor nodes (108-1, 108-2, 108-3,
108-4) (308-1, 308-2, 308-3) (408);
as a result, performing a second attempt to ge-
olocate the emitter (102) (302) using samples
of the versions of the signal (104-1’, 104-2’,
104-3’, 104-4’) having at least one of limited fre-
quency spectrum, limited time, or limited quan-
tization resolution as compared to the first at-
tempt; and
determining that the emitter (102) (302) is not
able to be detected or detected at a predeter-
mined threshold accuracy in the second at-
tempt.

8. The processor of claim 6, wherein at least one of the
low probability of detection descriptor words com-
prises a bit rate of a version of the LPD signal.

9. The processor of claim 6, wherein at least one of the
low probability of detection descriptor words com-
prises a chip rate of a version of the LPD signal.

10. The processor of claim 6, wherein at least one of the
low probability of detection descriptor words com-
prises a hop rate of a version of the LPD signal.

Patentansprüche

1. Ein Verfahren zum Geolokalisieren eines Emitters
(102) (302) eines Signals (104) mit geringer Erfas-
sungswahrscheinlichkeit, LPD, das von dem Emitter
(102) (302) in einer Umgebung mit einem Grundrau-
schen (106) übertragen wird, wobei das LPD-Signal
(104) unter dem Grundrauschen (106) liegt, das Ver-
fahren umfassend:

an einem Prozessor (112) (312), Empfangen ei-
ner Vielzahl von Beschreibungswörtern (110-1,
110-2, 110-3, 110-4) (310-1, 310-2, 310-3) mit
geringer Erfassungswahrscheinlichkeit, wobei
die Beschreibungswörter (110-1, 110-2, 110-3,

110-4) (310-1, 310-2, 310-3) (410) mit geringer
Erfassungswahrscheinlichkeit jeweils mindes-
tens eines von einem Frequenzmerkmal einer
Version (104-1’, 104-2’, 104-3’, 104-4’) des
LPD-Signals (104) oder einem Energiemerkmal
einer Version des LPD-Signals (104) einschlie-
ßen, wobei jedes der Beschreibungswörter
(110-1, 110-2, 110-3, 110-4) (310-1, 310-2,
310-3) mit geringer Erfassungswahrscheinlich-
keit durch Durchführen einer zyklostationären
Merkmalserfassung oder Energieerfassung von
jeweiligen Versionen des LPD-Signals (104) er-
stellt wurde;
an dem Prozessor (112) (312), Verwenden der
Vielzahl von Beschreibungswörtern (110-1,
110-2, 110-3, 110-4) (310-1, 310-2, 310-3) mit
geringer Erfassungswahrscheinlichkeit von ver-
schiedenen Sensorknoten (108-1, 108-2,
108-3, 108-4) (308-1, 308-2, 308-3) (408) für
verschiedene Versionen (104-1’, 104-2’, 104-3’,
104-4’) des LPD-Signals (104), um den Emitter
(102) (302) zu geolokalisieren; und
wobei das Empfangen und das Verwenden als
Ergebnis des Bestimmens durchgeführt wer-
den, dass unzureichende Bandbreite vorhan-
den ist, um den Emitter (102) (302) unter Ver-
wendung einer Kreuzkorrelation von Versionen
(104-1’, 104-2’, 104-3’, 104-4’) des Signals
(104) von Detektoren zu geolokalisieren.

2. Das Verfahren nach Anspruch 1, wobei das Emp-
fangen und das Verwenden als Ergebnis der folgen-
den Handlungen durchgeführt werden, die durchge-
führt werden, bevor die genannten Handlungen
durchgeführt werden:

Durchführen eines ersten Versuchs, um den
Emitter (102) (302) unter Verwendung einer
Kreuzkorrelation von Versionen des Signals von
Detektoren zu geolokalisieren;
Bestimmen, dass der Emitter (102) (302) bei ei-
ner zuvor bestimmten Schwellenwertgenauig-
keit unter Verwendung der Kreuzkorrelation von
Versionen des Signals von Detektoren aufgrund
von unzureichender Bandbreite zwischen dem
Prozessor (112, 312) und einem oder mehreren
der Sensorknoten (108-1, 108-2, 108-3, 108-4)
(308-1, 308-2, 308-3) (408) in dem ersten Ver-
such nicht erfasst werden kann oder erfasst
wird;
als Ergebnis, Durchführen eines zweiten Ver-
suchs, um den Emitter (102) (302) unter Ver-
wendung von Abtastwerten der Versionen des
Signals (104-1’, 104-2’, 104-3’, 104-4’) zu geo-
lokalisieren, die im Vergleich zu dem ersten Ver-
such mindestens eines von einem begrenzten
Frequenzspektrum, einer begrenzten Zeit oder
einer begrenzten Quantisierungsauflösung auf-
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weisen; und
Bestimmen, dass der Emitter (102) (302) bei ei-
ner zuvor bestimmten Schwellenwertgenauig-
keit in dem zweiten Versuch nicht erfasst wer-
den kann oder erfasst wird.

3. Das Verfahren nach Anspruch 1, wobei mindestens
eines der Beschreibungswörter mit geringer Erfas-
sungswahrscheinlichkeit eine Bitrate einer Version
des LPD-Signals umfasst.

4. Das Verfahren nach Anspruch 1, wobei mindestens
eines der Beschreibungswörter mit geringer Erfas-
sungswahrscheinlichkeit eine Chiprate einer Versi-
on des LPD-Signals umfasst.

5. Das Verfahren nach Anspruch 1, wobei mindestens
eines der Beschreibungswörter mit geringer Erfas-
sungswahrscheinlichkeit eine Sprungrate einer Ver-
sion des LPD-Signals umfasst.

6. Ein Prozessor (112) (312) zum Geolokalisieren ei-
nes Emitters (102) (302) eines Signals (104) mit ge-
ringer Erfassungswahrscheinlichkeit (LPD), das von
dem Emitter (102) (302) in einer Umgebung mit ei-
nem Grundrauschen (106) übertragen wird, wobei
das LPD-Signal (104) unter dem Grundrauschen
(106) liegt, wobei der Prozessor (112) (312) konfi-
guriert ist, um das Folgende durchzuführen:

Empfangen einer Vielzahl von Beschreibungs-
wörtern (110-1, 110-2, 110-3, 110-4) (310-1,
310-2, 310-3) mit geringer Erfassungswahr-
scheinlichkeit, wobei die Beschreibungswörter
(110-1, 110-2, 110-3, 110-4) (310-1, 310-2,
310-3) mit geringer Erfassungswahrscheinlich-
keit jeweils mindestens eines von einem Fre-
quenzmerkmal einer Version (104-1’, 104-2’,
104-3’, 104-4’) des LPD-Signals (104) oder ei-
nem Energiemerkmal einer Version des LPD-
Signals (104) einschließen, wobei jedes der Be-
schreibungswörter (110-1, 110-2, 110-3, 110-4)
(310-1, 310-2, 310-3) mit geringer Erfassungs-
wahrscheinlichkeit durch Durchführen der zy-
klostationären Merkmalserfassung oder Ener-
gieerfassung von jeweiligen Versionen des
LPD-Signals (104) erstellt wurde;
Verwenden der Vielzahl von Beschreibungs-
wörtern (110-1, 110-2, 110-3, 110-4) (310-1,
310-2, 310-3) mit geringer Erfassungswahr-
scheinlichkeit von verschiedenen Sensorknoten
(108-1, 108-2, 108-3, 108-4) (308-1, 308-2,
308-3) (408) für verschiedene Versionen
(104-1’, 104-2’, 104-3’, 104-4’) des LPD-Signals
(104), um den Emitter (102) (302) zu geolokali-
sieren; und
wobei der Prozessor konfiguriert ist, um das
Empfangen und das Verwenden als Ergebnis

des Bestimmens durchzuführen, dass unzurei-
chende Bandbreite vorhanden ist, um den Emit-
ter (102) (302) unter Verwendung einer Kreuz-
korrelation von Versionen des Signals (104) von
Detektoren zu geolokalisieren.

7. Der Prozessor nach Anspruch 6, wobei der Prozes-
sor konfiguriert ist, um das Empfangen und das Ver-
wenden als Ergebnis der folgenden Handlungen
durchzuführen, die durchgeführt werden, bevor die
genannten Handlungen durchgeführt werden:

Durchführen eines ersten Versuchs, um den
Emitter (102) (302) unter Verwendung einer
Kreuzkorrelation von Versionen des Signals von
Detektoren zu geolokalisieren;
Bestimmen, dass der Emitter (102) (302) bei ei-
ner zuvor bestimmten Schwellenwertgenauig-
keit unter Verwendung der Kreuzkorrelation von
Versionen des Signals von Detektoren aufgrund
von unzureichender Bandbreite zwischen dem
Prozessor (112, 312) und einem oder mehreren
der Sensorknoten (108-1, 108-2, 108-3, 108-4)
(308-1, 308-2, 308-3) (408) in dem ersten Ver-
such nicht erfasst werden kann oder erfasst
wird;
als Ergebnis, Durchführen eines zweiten Ver-
suchs, um den Emitter (102) (302) unter Ver-
wendung von Abtastwerten der Versionen des
Signals (104-1’, 104-2’, 104-3’, 104-4’) zu geo-
lokalisieren, die im Vergleich zu dem ersten Ver-
such mindestens eines von dem begrenzten
Frequenzspektrum, der begrenzten Zeit oder
der begrenzten Quantisierungsauflösung auf-
weisen; und
Bestimmen, dass der Emitter (102) (302) bei ei-
ner zuvor bestimmten Schwellenwertgenauig-
keit in dem zweiten Versuch nicht erfasst wer-
den kann oder erfasst wird.

8. Der Prozessor nach Anspruch 6, wobei mindestens
eines der Beschreibungswörter mit geringer Erfas-
sungswahrscheinlichkeit eine Bitrate einer Version
des LPD-Signals umfasst.

9. Der Prozessor nach Anspruch 6, wobei mindestens
eines der Beschreibungswörter mit geringer Erfas-
sungswahrscheinlichkeit eine Chiprate einer Versi-
on des LPD-Signals umfasst.

10. Der Prozessor nach Anspruch 6, wobei mindestens
eines der Beschreibungswörter mit geringer Erfas-
sungswahrscheinlichkeit eine Sprungrate einer Ver-
sion des LPD-Signals umfasst.

17 18 



EP 3 705 903 B1

11

5

10

15

20

25

30

35

40

45

50

55

Revendications

1. Procédé de géolocalisation d’un émetteur (102)
(302) d’un signal (104) à faible probabilité de détec-
tion, LPD, transmis depuis l’émetteur (102) (302)
dans un environnement avec un plancher de bruit
(106), où le signal LPD (104) est en dessous du plan-
cher de bruit (106), le procédé comprenant :

au niveau d’un processeur (112) (312), la récep-
tion d’une pluralité de mots descripteurs à faible
probabilité de détection (110-1, 110-2, 110-3,
110-4) (310-1, 310-2, 310-3), les mots descrip-
teurs à faible probabilité de détection (110-1,
110-2, 110-3, 110-4) (310-1, 310-2, 310-3) (410)
comportant chacun une caractéristique d’une
fréquence d’une version (104-1’, 104-2’, 104-3’,
104-4’) du signal LPD (104) et/ou une caracté-
ristique d’énergie d’une version du signal LPD
(104), chacun des mots descripteurs à faible
probabilité de détection (110-1, 110-2, 110-3,
110-4) (310-1, 310-2, 310-3) ayant été créé en
effectuant une détection de caractéristique cy-
clostationnaire ou une détection d’énergie de
versions respectives du signal LPD (104) ;
au niveau du processeur (112) (312), l’utilisation
de la pluralité de mots descripteurs à faible pro-
babilité de détection (110-1, 110-2, 110-3,
110-4) (310-1, 310-2, 310-3) provenant de dif-
férents nœuds de capteur (108-1, 108-2, 108-3,
108-4) (308-1, 308-2, 308-3) (408) pour diffé-
rentes versions (104-1’, 104-2’, 104-3’, 104-4’)
du signal LPD (104) pour géolocaliser l’émetteur
(102) (302) ; et
dans lequel lesdites réception et utilisation sont
effectuées à la suite de la détermination du fait
que la bande passante est insuffisante pour géo-
localiser l’émetteur (102) (302) à l’aide d’une
corrélation croisée de versions (104-1’, 104-2’,
104-3’, 104-4’) du signal (104) provenant de dé-
tecteurs.

2. Procédé selon la revendication 1, dans lequel lesdi-
tes réception et utilisation sont effectuées à la suite
de la réalisation des actes suivants avant d’effectuer
les actes cités :

la réalisation d’une première tentative pour géo-
localiser l’émetteur (102) (302) à l’aide d’une
corrélation croisée de versions du signal prove-
nant de détecteurs ;
la détermination du fait que l’émetteur (102)
(302) ne peut pas être détecté ou est détecté à
une précision de seuil prédéterminée à l’aide de
la corrélation croisée des versions du signal pro-
venant des détecteurs dans la première tentati-
ve en raison d’une bande passante insuffisante
entre le processeur (112, 312) et le ou les nœuds

de capteur (108-1, 108-2, 108-3, 108-4) (308-1,
308-2, 308-3) (408) ;
par conséquent, la réalisation d’une seconde
tentative de géolocalisation de l’émetteur (102)
(302) à l’aide d’échantillons des versions du si-
gnal (104-1’, 104-2’, 104-3’, 104-4’) ayant un
spectre de fréquence limité, un temps limité
et/ou une résolution de quantification limitée par
rapport à la première tentative ; et
la détermination du fait que l’émetteur (102)
(302) ne peut pas être détecté ou est détecté à
une précision de seuil prédéterminée dans la
seconde tentative.

3. Procédé selon la revendication 1, dans lequel au
moins l’un des mots descripteurs à faible probabilité
de détection comprend un débit binaire d’une version
du signal LPD.

4. Procédé selon la revendication 1, dans lequel au
moins l’un des mots descripteurs à faible probabilité
de détection comprend un débit d’éléments d’une
version du signal LPD.

5. Procédé selon la revendication 1, dans lequel au
moins l’un des mots descripteurs à faible probabilité
de détection comprend un débit de sauts d’une ver-
sion du signal LPD.

6. Un processeur (112) (312) pour géolocaliser un
émetteur (102) (302) d’un signal (104) à faible pro-
babilité de détection, LPD, transmis depuis l’émet-
teur (102) (302) dans un environnement avec un
plancher de bruit (106), où le signal LPD (104) est
en dessous du plancher de bruit (106), le processeur
(112) (312) étant configuré pour effectuer les opé-
rations suivantes :

la réception d’une pluralité de mots descripteurs
à faible probabilité de détection (110-1, 110-2,
110-3, 110-4) (310-1, 310-2, 310-3), les mots
descripteurs à faible probabilité de détection
(110-1, 110-2, 110-3, 110-4) (310-1, 310-2,
310-3) comportant chacun une caractéristique
de fréquence d’une version (104-1’, 104-2’,
104-3’, 104-4’) du signal LPD (104) et/ou une
caractéristique d’énergie d’une version du si-
gnal LPD (104), chacun des mots descripteurs
à faible probabilité de détection (110-1, 110-2,
110-3, 110-4) (310-1, 310-2, 310-3) ayant été
créé en effectuant une détection de caractéris-
tique cyclostationnaire ou une détection d’éner-
gie de versions respectives du signal LPD
(104) ;
l’utilisation de la pluralité de mots descripteurs
à faible probabilité de détection (110-1, 110-2,
110-3, 110-4) (310-1, 310-2, 310-3) provenant
de différents nœuds de détection (108-1, 108-2,
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108-3, 108-4) (308-1, 308-2, 308-3) (408) pour
différentes versions (104-1’, 104-2’, 104-3’,
104-4’) du signal LPD (104) pour géolocaliser
l’émetteur (102) (302) ; et
dans lequel le processeur est configuré pour ef-
fectuer la réception et l’utilisation à la suite de
la détermination du fait que la bande passante
est insuffisante pour géolocaliser l’émetteur
(102) (302) à l’aide d’une corrélation croisée de
versions du signal (104) provenant de détec-
teurs.

7. Processeur selon la revendication 6, dans lequel le
processeur est configuré pour effectuer la réception
et l’utilisation à la suite de la réalisation des actes
suivants avant d’effectuer les actes cités :

la réalisation d’une première tentative pour géo-
localiser l’émetteur (102) (302) à l’aide d’une
corrélation croisée de versions du signal prove-
nant de détecteurs ;
la détermination du fait que l’émetteur (102)
(302) ne peut pas être détecté ou est détecté à
une précision de seuil prédéterminée à l’aide de
la corrélation croisée des versions du signal pro-
venant des détecteurs dans la première tentati-
ve en raison d’une bande passante insuffisante
entre le processeur (112, 312) et le ou les nœuds
de capteur (108-1, 108-2, 108-3, 108-4) (308-1,
308-2, 308-3) (408) ;
par conséquent, la réalisation d’une seconde
tentative de géolocalisation de l’émetteur (102)
(302) à l’aide d’échantillons des versions du si-
gnal (104-1’, 104-2’, 104-3’, 104-4’) ayant un
spectre de fréquence limité, un temps limité
et/ou une résolution de quantification limitée par
rapport à la première tentative ; et
la détermination du fait que l’émetteur (102)
(302) ne peut pas être détecté ou est détecté à
une précision de seuil prédéterminée dans la
seconde tentative.

8. Processeur selon la revendication 6, dans lequel au
moins l’un des mots descripteurs à faible probabilité
de détection comprend un débit binaire d’une version
du signal LPD.

9. Processeur selon la revendication 6, dans lequel au
moins l’un des mots descripteurs à faible probabilité
de détection comprend un débit d’éléments d’une
version du signal LPD.

10. Processeur selon la revendication 6, dans lequel au
moins l’un des mots descripteurs à faible probabilité
de détection comprend un débit de sauts d’une ver-
sion du signal LPD.
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